Development and Testing of a Magnetic Resonance (MR) Conditional Afterloader for Source Tracking in Magnetic Resonance Imaging-Guided High-Dose-Rate (HDR) Brachytherapy.
For the purpose of magnetic resonance imaging (MRI)-guided high-dose-rate (HDR) brachytherapy, a prototype magnetic resonance (MR) conditional afterloader was developed. This study demonstrates the development and testing of the prototype, while operating simultaneously with MRI. In combination with an MR-based method for HDR source localization, this development enables treatment verification of HDR brachytherapy. Additionally, this allows a direct reconstruction of the source dwell positions after catheter insertion (when using a dummy source) and introduction of a clinical workflow where the patient remains in the same position during dwell position reconstruction, treatment planning and irradiation. A prototype MR conditional afterloader was developed by providing radiofrequency (RF) shielding and a plastic source cable containing a dummy source. Simultaneous functioning of the afterloader and MRI acquisition was tested in an experimental setting where the afterloader was placed next to the scanner and programmed to send the source to predefined positions within a phantom, while acquiring MR images. The HDR source positions were determined using MR artifact simulation and matching of the MR images to the simulated artifact. Additionally, the impact of the presence and use of the afterloader on the MRI performance was investigated by assessment of RF interference, signal-to-noise ratio (SNR), and B0 field homogeneity. The experiments demonstrated that the prototype MR conditional afterloader and the MRI scanner fully functioned while operating simultaneously, without influencing the other system. The step sizes between the source positions obtained from the MR images corresponded with the afterloader settings. Besides, the MRI performance tests demonstrated no deterioration due to the presence or functioning of the afterloader next to the scanner. This research has demonstrated the feasibility of simultaneous MR acquisition and employment of an MR conditional afterloader. This development enables real-time HDR source localization for treatment verification of MRI-guided HDR brachytherapy using an MR conditional afterloader.